Tiny interstellar dust grains causing the polarization of light from the nearest stars are deflected sideways in the outer heliosheath regions, along with the interstellar magnetic field. Observations of optical polarization of stars beyond the heliosphere nose, and at distances 5-200 pc, suggest the direction of the upwind interstellar magnetic field is relatively constant. The polarization vectors indicate an orientation of the local interstellar magnetic field consistent with the position angle in galactic coordinates of PA G ∼ 40
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Introduction
The heliosphere is the raindrop-shaped solar wind bubble whose outer boundary conditions are set by the physical properties of the surounding interstellar cloud. The relative Sun-cloud velocity of 26.3 km s −1 drives neutral interstellar gas and large dust grains through the heliosphere, while interstellar ions and small interstellar dust grains are excluded by Lorentz-capture in the interstellar magnetic field that drapes over the heliosphere.
Three fundamental phenomena govern the symmetry of the heliosphere: the polarity and latitudinal properties of the solar wind, the inflow direction and pressure of interstellar gas, and the direction and strength of the interstellar magnetic field. Two sets of data provide information about the interstellar magnetic field within 30 pc of the Sun. Nearby stars towards the galactic center hemisphere show very weak polarization caused by magnetically aligned interstellar dust grains (Tinbergen 1982, T82) . The Tinbergen data have been suggested to provide an independent probe of B IS at the heliosphere, because the polarization extends from the heliosphere nose direction to ∼ 35
• in ecliptic latitude, and polarization strength anticorrelates with ecliptic latitude in this ecliptic longitude interval (Frisch 2005 , Paper I). The long-known offset between the upwind directions of He o and H o entering the heliosphere (Ajello et al. 1987 ) has now also been reinterpreted to be caused by the orientation of the magnetic field at the Sun (Quémerais et al. 2000; Lallement et al. 2005, L05) . In this note I show that the magnetic field direction indicated by the optical polarization data is consistent, to within uncertainties, with the offset angle traced by the He o -H o inflow directions. When these data are compared with the polarizations of more distant stars in the same region, a consistent picture is obtained for the direction of B IS near the Sun.
Six data sources sample the outer heliosphere: (1) The Tinbergen polarization data. (2) The H o -He o inflow directions. (3) Voyagers 1 and 2. In December 2004 Voyager 1 crossed the solar wind termination shock (TS) at 94 AU, providing the first in situ data on the subsonic solar wind Burlaga et al. 2005; Decker et al. 2005) . (4) Low frequency radio emissions (1.8-3.6 kHz) measured by the plasma wave instruments on Voyager 1 and 2 during 1992-1994; triangulation showed that these highest energy events occurred at ∼ 130 AU (Kurth & Gurnett 2003; Gurnett et al. 2006, KG03, Appendix A) . (5) About ten stars show a broad Lyα component that is blue-shifted compared to the pristine interstellar Lyα absorption lines, and that is formed by charge exchange between interstellar H + and H o in the outer heliosheath 1 (Wood & Linsky 1997; Gayley et al. 1997; Wood et al. 2005) . (6) Energetic neutral atoms (ENA) are formed beyond the TS by charge exchange between interstellar H o and the solar wind; ENAs carry the solar wind momentum and the interstellar neutrality. Several sets of data show an ENA stream (energy ∼ 1 keV) with an origin that is offset from the inflowing He o upwind direction by λ∼ 10 − 40
• in ecliptic longitude Wurz et al. 2004 ).
The asymmetry of the outer heliosphere varies with the solar magnetic cycle, because the solar and interstellar field lines alternate between parallel and antiparallel modes (e.g. Macek 1990; Washimi & Tanaka 1996) . These outer heliosphere tracers listed above sample different solar cycle phases. Numbers (1) and (4) were collected during north-pole-positive polarities, with field lines emerging at the solar north pole (A> 0). Numbers (2), (3), (6) were collected with north-pole-negative. Number (5) was mostly acquired during north-polepositive times.
The polarizing dust grains (T82) coincides with the region containing most of the ISM within 10 pc, ℓ∼ 330
• ± 60
• , b∼ 0 • ± 50 • , and interstellar material from this region flows past the Sun. These coincidences led to the original interpretation that the T82 polarization is formed in the local ISM upwind of the Sun (Frisch & York 1983; Bruhweiler 1984; Frisch 1990; Frisch et al. 2002) . The absence of tiny interstellar dust grains within the heliosphere (Grün et al. 1993; Baguhl et al. 1996; Grün et al. 2005; Frisch et al. 1999, F99) , the fact that these same tiny grains polarize starlight, 2 and the theoretical models that show these small grains are systematically excluded from the heliosphere by small gyroradius that bind them to the interstellar magnetic field draping over the heliosphere (F99, Mann & Czechowski 2004) , all indicate that the T82 polarizing grains are the excluded population (Paper I).
The interstellar cloud surrounding the Sun (Local Interstellar Cloud, LIC) is a warm, partially ionized interstellar cloud. Low column densities (N(H o ) 10 18 cm −2 ) yield a diffuse radiation field at the Sun that maintains elements with first ionization potentials < 25 eV, in a partial or fully ionized state. Radiative transfer models of the LIC with interstellar densities and temperature at the Sun of n(H • )=0.19 cm −3 , n(e)= 0.07 ± 0.01 cm −3 , and 6300 K, provide excellent fits to observations of interstellar material (ISM) observed both inside and outside of the heliosphere (e.g. Model 26 in Slavin & Frisch 2007, SF07) . The plasma oscillation frequency of ISM at the Sun is then ∼ 2.4 kHz, but will rise to higher values in the interstellar plasma pile-up in the outer heliosheath. Pressure equilibrium between thermal and magnetic pressures in the surrounding partially ionized plasma suggests, for this model, that B IS ∼ 2.6 µG close to the Sun, and an interstellar proton Lamar radius of ∼ 10 −5.5 AU). alternatively, equilibrium between thermal and turbulent pressures suggests a weaker field strength B IS ∼ 0.6 km s −1 . (Möbius et al. 2004; Witte 2004, W04) .
3 The ISM flow through the heliosphere contains dust grains, which are observed at the same velocity and flow direction as the gas (Grün et al. 1993; Baguhl et al. 1996; Grün et al. 2005; Frisch et al. 1999, F99) . This paper focuses on an exploratory discussion of the evidence for the small charged interstellar dust grains that are required by small gyroradii to be deflected around the flanks of the heliosphere. These grains may create an unrecognized foreground contamination of the CMB, so the heliosphere signature on the low-ℓ multipole moments is discussed. In this paper the Tinbergen polarization data are augmented by additional data also obtained during the 1970's solar minimum (Piirola 1977) . The polarization peak is seen to be strongest for stars within ∼ 20
• of the ecliptic, and the polarization position angles are consistent with the angle formed by the offset between the H o and He o upwind directions ( §2). When the LIC gas-phase composition is compared to solar abundances, the atoms missing from the gasphase indicate the LIC grains are amorphous olivine silicates ( §3.1). In §3.2 I show that the interstellar magnetic field direction at the Sun is consistent with an origin associated with the expansion of the Loop I superbubble towards the Sun. The heliosphere evidently has a very weak bow shock, that is nonetheless sharp enough to deflect the stream of inflowing small dust grains sideways in the outer heliosheath ( §3.3). Interstellar dust grains (ISDGs) arrived pre-aligned at the Sun, and the density of the LIC is too low to disrupt their alignment significantly ( §3.4). In Paper I I suggested that ISDGs interacting with the heliosphere form a potential contaminant of the Cosmic Microwave Background (CMB). Here it is seen that the CMB dipole moment is curiously aligned with the inflowing LIC velocity vector and the magnetic field direction at the heliosphere nose, suggesting that the asymmetry of the outer heliosphere may be a dominant factor in the geometry of this contamination ( §3.5).
Characteristics of the Polarization
The analysis of Paper I has been repeated using data from both Piirola (1977) and Tinbergen (1982) . The primary new result is that the position angle of the polarization Evector of the strongest polarization stars in the upwind direction is the same as the deflection angle formed by the He o and H o flow directions, to within the uncertainties. Also, the upwind polarization peak is strongest for stars close to the ecliptic plane.
The combined data sets (denoted the "PT" data) yield a sample of 202 nearby stars, 86% of which are within 40 pc (using Hipparcos distances). The two data sets have 45 stars in common. Both data sets were acquired during the solar minimum conditions of [1973] [1974] ; the Piirola data were acquired in 1974, and the Tinbergen data were acquired during 1973 (J. Tinbergen, private communication) .
4 Measurement uncertainties were 1σ ∼ 6 − 17 × 10
degrees of polarization, but only data with 1σ 7 × 10 −5 are used. The linear Stokes parameters U and Q give polarization P = (Q*Q+U*U) 1/2 . For these data, the position angle in celestial (equatorial) coordinates of the plane of vibration of the electric vector is given by θ C =0.5 arctan(U/Q), which can be converted to a position angle (PA) 5 in the galactic (or ecliptic) coordinate system using the relation given in Appenzeller (1968) . are plotted separately as small dots in the top two panels. C Pβ represents the covariance between polarization P and ecliptic latitude β (eqn. 1 of Paper I). Fig. 1 shows the direction of the large inflowing ISDGs observed by Ulysses and Galileo ( §2), which coincides with the heliosphere nose direction. The statistically insignificant polarization maximum seen near λ 0 ∼140 o is dominated by three high latitude stars HD 90839 (β = 43 • ), HD 95689 (β = 50 • ), and HD 98230 (β = 25
• ).
The polarization reaches a maximum, P max , at a position offset by ∆λ ∼ +35
• from the heliosphere nose found from the He o and the large grain inflow directions (Fig. 1, top) . The peak in P is strongest for stars close to the ecliptic plane, |β| < 20
• (dashed line). Considering both P and θ C in Fig. 1 • . This condition is easy to estimate, because the observed polarization is weak and not much stronger than 3.0 σ, and is not identified below ∼2.5 σ, so the polarization is only detected in stars within ∼ 35
• of the perpendicular direction to B IS . The observed width of the polarization band in Fig. 2 is ∼45 o , which is not inconsistent with this estimate.
The consistency of θ C in the P max region, θ C ∼ −23
• , contributes to the reality of the weak polarization signal. The stars dominating the polarization maximum (P 5 > 15) at λ ∼ 295
• (e.g. • from the He o upwind direction. A 1σ uncertainty in either Q or U gives an uncertainty in θ C of 3
• − 8
• for 36 Oph, so that the polarization angle of the nearest star in the sample is consistent with the polarization angle of the more distant stars that create the polarization peak at λ ∼ 295
• . The polarization increases with distance, and by ∼ 46% between 36 Oph AB and HD 161892.
The position angles of the stars dominating the polarization, and of the deflection vector formed by the 4
• offset between He o and H o upwind directions, are the same to within the uncertainties. The average PA in the ecliptic coordinate system for the above six stars with P 5 > 15 (where P 5 =P/10 −5 degree of polarization) is PA E,stars = −19.3 • ± 14.5
• (in the galactic coordinate system the average is PA G,stars = 40
• ± 14 • ). Defining the direction formed by the H o -He o deflection angle as a position angle in ecliptic (PA E ), or in galactic (PA G ) coordinates, then PA E,HHe = −25.3 o and PA G,HHe = 35.4 o .
In the P max region, λ=280 o -330 o , polarization strength anti-correlates with ecliptic latitude ( Fig. 1, bottom ). This conclusion is unchanged from Paper I.
The polarization data are plotted in ecliptic coordinates in Fig. 2 , along with the locations of the 3 kHz emission events (both primary and alternate locations from KG03, see Appendix A), the upwind direction of the large inflowing dust grains (F99) . The stars with the strongest polarization (P 5 > 15) form a wide band extending from the upwind to downwind direction. The region of maximum polarization, the 3 kHz emission events, and the secondary stream of ENAs, are all offset towards larger longitudes when compared to the ISM inflow direction.
The upwind direction of the LIC corresponds to an astronomically interesting direction, dominated by the North Polar Spur, which is the radio-intense section of the Loop I superbubble shell (Frisch 1981; Frisch et al. 2002, FGW02) . The dashed line in the top panel of Fig. 1 shows the polarization of distant stars (40-100 pc) that are within 20
• of the ecliptic (|β| < 20
• ), for 184 nearby objects in the Heiles (2000) polarization catalog. The polarizations are smoothed over ecliptic intervals of ±20
• from the central longitude. The interval showing polarization enhancement, 210
• < λ 0 < 290 • , corresponds to the region where ISM from the Loop I superbubble is observed tangentially, and has extended to the solar location. A weak polarization enhancement seen 180
• away, towards the downwind direction, is not statistically significant.
Discussion

LIC Grain Composition
The alignment of ISDGs is sensitive to grain composition. ISDG composition can be found by comparing measured gas phase abundances with a nominal ISM reference abundance (e.g. solar), and then inferring that all atoms "missing" from the gas are in the dust. Using the LIC gas-phase abundances from Model 26 in SF07 (which automatically corrects for unobserved protons), the ratio of Si:Mg:Fe:O in the LIC dust becomes ∼1:1:1:5, using solar abundances in Asplund et al. (2005) , which suggests an amorphous olivine composition (MgFeSiO 4 ) as the dominant mineral in the LIC. However, there is considerable uncertainty in solar abundances, and comparing Model 26 results with the protosolar abundances in Lodders (2003) , instead, yields Si:Mg:Fe:O ∼1:1:1:7.5. A silicate mixture consisting of 84.9% amorphous olivine and 15% amorphous pyroxene (MgFeSi 2 O 6 ), by mass, fits observations of a 9.7 µm infrared feature in Sgr A * (Kemper et al. 2004) , suggesting that the amorphous olivine grain population must be robust or it would not explain 85% of the grain mass towards this distant giant molecular cloud. The LIC grains are required to have survived the process that accelerated the moderate velocity (V LSR ∼15-20 km s −1 ) ISM surrounding the Sun. Carbonaceous grains can be ruled out in the LIC because there are not enough carbon atoms remaining to form dust grains after the observed gas-phase C + * atoms are counted (Slavin & Frisch 2006, SF07) . The absence of local graphite does not affect the polarization discussion, since there is no evidence for polarization associated with the graphitic extinction at 2200 A in the global ISM (Whittet 2004 ).
Polarization in the Upstream ISM
The Sun is in the leading edge of the Cluster of Local Interstellar Clouds (CLIC) flowing past the Sun away from the direction of the Scorpius-Centaurus Association (Frisch 1981) . The properties of the LIC, one cloudlet of the CLIC, are now well known because LIC gas and dust are observed both inside and outside of the solar system (SF07). In the rest frame of the Sun, the upstream directions of the LIC and CLIC bulk flow are within 10 o of each other (FGW02). The best fit to the bulk flow velocity of the CLIC is −28.1 ± 4.6 km s −1 , from the direction ℓ,b= 12. o . The upstream CLIC thus has a spatial distribution resembling the λ ∼ 35
• offset of the Tinbergen data from the heliosphere nose direction, which is why an interstellar origin has been attributed to these weak polarizations.
To test the relation between the polarization direction of the grains at the heliosphere with the polarization of more distant stars in the upwind direction, I compare the PT polarization data with data on more distant stars in the Heiles Polarization Catalog (HPC, Heiles 2000, available on Vizier as catalog II/226). Stars within 250 pc were selected from the HPC, and restricted to objects with identified HD numbers and parallax values in the Hipparcos catalog (Perryman 1997 ). Star distances d were then calculated as d = (1000/(plx − dplx) + 1000/(plx + dplx))/2, where plx and dplx are the Hipparcos parallax and parallax uncertainty, respectively. Position angles in the galactic coordinate system, PA G , were taken directly from the listing in the HPC, and no screening has been made for discrepancies between celestial and galactic positional angles. Polarization data for these stars within 250 pc are displayed in Fig. 3 (orange bars).
Eleven stars from this HPC sample that are located in the upwind region, defined here as the interval ℓ> 335
o , are plotted with purple bars. The average distance (distance range) for the stars represented by the purple bars are 194 pc (75-240 pc), and the average position angle is PA G = 46
• ± 21
• . The six stars in the PT catalog that dominate the heliosphere nose polarization ( §2), are shown with red bars in Fig.  3 . The average distance (distance range) of these six PT stars is 26.3 pc (6-37 pc), and the average position angle is PA G = 40
• ± 14 • .
Each catalog contains a star located at ℓ= 358 • and b= 6
• ± 1 • (the heliosphere nose). The two stars are HD 157236 (189 pc) and HD 155885 (6 pc). The two stars show the same position angle, PA G =39 o , although the polarization of the more distant star is much stronger (P 5 =560) compared to 36 Oph (P 5 =15).
The similarity in PA G angles for the nearest and more distant stars, based on the similar average position angles for the stars represented by the purple and red bars, and by the HD 157236 and HD 155885 data for a near and far star at the same coordinates, indicates that the direction of the component of the interstellar magnetic field in the plane of the sky is unchanged over the nearest 200 pc in the upwind region of the heliosphere as defined by the purple vector-region, and that the position angle of the magnetic field is PA G ∼ 40
• . The averaged polarization position angles are consistent with the PA of the He o -H o offset angle, which provides the magnetic field orientation at the heliosphere Opher et al. 2007 ).
An additional component perpendicular to the plane of the sky may be present. An obvious angle for the tilt of this third dimension in B IS would be a component towards b∼ 18
• , which would place the local magnetic field near the plane of Gould's Belt (as Tinbergen, 1982 , originally pointed out is consistent with his data). Rotation measures of pulsars and extragalactic radio sources show that the uniform component of the interstellar magnetic field in the interarm region around Sun is directed towards ℓ∼ 82
• (Han 2006) . The stellar evolution processes (e.g. massive-star stellar wind bubbles and supernovae shock waves) that created Loop I formed a radially expanding feature from a central location that captures and traps the preshock B IS into giant magnetic shells, of which Loop I is one. The magnetic field in Loop I in the upwind direction will therefore be subject to flux freezing of the original interarm B IS direction, as distorted by the expanding magnetic shell. If this shell expanded into the interarm magnetic field now surrounding the Sun, such a geometry would suggest that the B IS field direction in the upstream ISM is directed from low-ecliptic latitudes to high-ecliptic latitudes near the heliosphere nose (Fig. 2) .
The tangential region of the Loop I shell as traced by 408 MHz radio continuum data is also plotted in Fig. 3 (from Berkhuijsen et al. 1971) . The purple polarization vectors show a gradient (or curvature) in the magnetic field direction as the sightline moves towards the interior of Loop I where column densities are lower (N(H o )< 10 20 cm −2 ). Because the B IS direction at the Sun traces the same (to within uncertainties) field direction, it appears that the magnetic field direction is uniform from the Sun out to several hundred parsecs, and that the innermost part of the Loop I shell is the portion that is closest to the Sun.
The volume averaged field strength of B IS ∼ 4 µG for a tangential sightline through Loop I, extending ∼ 70 ± 30 pc towards ℓ= 34
• , b= 42
• (Heiles et al. 1980) . For this sightline, the Faraday rotation of extragalactic radio sources indicate the B IS component parallel to the sightline is small, with an average value of B || = 0.9 ± 0.3 µG (Frick et al. 2001 ). Flux freezing arguments would then suggest a field strength at the Sun of ∼ 1 µG (providing neutrals and ions remain coupled over shell expansion).
These polarization data support my earlier conclusion that the CLIC are parts of a superbubble shell formed ∼4 million years ago out of debris left over from a prior generation of star formation in the Scorpius-Centaurus Association, and that this shell has expanded to the solar location (Frisch 1981 (Frisch , 1995 . A related scenario associates the CLIC with ISM ejected by a Rayleigh-Taylor instability in the expanding Loop I remnant (Breitschwerdt et al. 2000) .
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According to the dominant magnetic alignment mechanism for dust grains in diffuse clouds, the purple vectors are parallel to the magnetic field direction ( §3.4). Because of the very low LIC density, collisional disruption of grain alignment is very slow ( §3.4), so that the grain alignment is not substantially modified as the grains are deflected around the heliosphere flank along with B IS .
LIC Magnetic Field Strength and Weak Bow Shock
If the LIC gas and magnetic field at the Sun are in pressure equilibrium, then using LIC properties from Model 26 in SF06 ( §1), |B IS | ∼ 2.6 µG. For the LIC the sound and Alfven velocities become, respectively, ∼ 9.3 km s −1 and ∼ 21.0 km s −1 , so that the heliosphere will have a Mach number with respect to the surrounding ISM of M ∼ 0.9. The motion of the Sun through the LIC appears supersonic, but sub-Alfvenic. Any bow shock present should be weak with low Mach number.
The ISDGs traversing the outer heliosheath experience a gradient in magnetic field direction and strength, and plasma density, so that the grain gyroradii, l gyro =m gr V gr / eZ| → B IS |, varies with position. Here Z = 4πǫ o aU ES is a function of the electrostatic grain potential U ES , and ǫ o = 8.9 × 10 −14 CV −1 cm −1 is the permittivity (F99). Large interstellar dust grains (ISDGs) with a large mass-to-charge ratio, M/Q, and large gyroradii penetrate the heliospheric plasmas, while small ISDGs with a 0.1 µm have gyroradii typically less than ∼ 100 AU and are trapped in the B IS draped over the heliopause (Landgraf 2000; Mann & Kimura 2000, F99) . The self-consistent treatment in F99 of grain charging and B IS compression at the heliosphere shows that for | → B IS |=1.5 µG and radiation field parameter G o ∼0, grains with a 0.06 µm are excluded at the bow shock, and grains with a 0.15 µm are excluded at the heliopause. Grains with radii a < 0.01 µm are excluded from the heliosphere under nearly all conditions. The actual interactions between ISDGs and the heliosphere will be determined partly by grain charging, which may be non-classical in the currents expected in the heliosheath regions (e.g. Macek 1990; Washimi & Tanaka 1996) . Czechowski & Mann (2003) have modeled the passage of ISDGs across the transition region between the ISM and the heliopause. They find that small ISDGs (a 0.01 µm, high charge-to-mass ratio) are sensitive to the presence of a sharp shock, and may develop a velocity difference compared to the plasma velocity and stream sideways compared to the plasma velocity vector. Pogorelov et al. (2004) show that the heliosphere bow shock becomes blunter, compressing the outer heliosheath, for stronger B IS (e.g. ∼ 2.4 µG). The detailed grain streaming characteristics will depend on B IS (includingk B ), and grain charge and mass. However the overall observational characteristic that small ISDGs are displaced sideways with respect to the heliosphere nose is quite obvious in Fig. 2 . Czechowski and Mann conclude that the presence of sideways grain streaming requires a sharp shock, and that no shock or a thick shock does not decouple the small grains and plasma.
Grain Alignment in the LIC
Polarization of light by dust in diffuse interstellar clouds is generally believed to be caused by grain alignment in a magnetically birefringent medium, where the vibration plane of the electric vector defines the direction of B IS and the maximum of polarization is observed for sightlines that are perpendicular to the magnetic field direction. Grain alignment can be achieved by a variation of the Davis-Greenstein mechanism 9 , so that the aligned grains do not behave like simple compass needles but rather trace the coupling between the grain angular momentum and B IS . The collisional disruption of grain alignment is very slow in the low density LIC, so small grains retain their deep space alignment as they follow B IS into the heliospheric interaction region.
There is a rich body of literature, stretching over 50 years, that associates interstellar polarization with asymmetric ISM opacities caused by magnetically aligned interstellar dust grains (e.g. see the reviews Lazarian 2003 Lazarian , 2007 , and references therein). However an important point to realize is that when compared with typical clouds that have been discussed in the polarization literature, the LIC is warmer by a factor of ∼100, less dense by a factor of ∼65, and with plasma densities a factor of ∼10 larger, than the typical cold dense interstellar clouds. Grain alignment in the LIC will be disrupted when grains accumulate their own mass in thermal collisions with the gas, which occurs over timescales of τ mass ∼ 10
6 aρ gr /n T gas Myrs = 0.7-1.2 Myrs. If the LIC and dense cloud magnetic field strengths are similar to the ordered and random components of the global B IS (or ∼1.6 µG and ∼5 µG respectively, Rand & Kulkarni 1989) , then the magnetic field strength in the LIC is also a factor of ∼4 weaker than the field strengths assumed in many polarization theory studies. Collisions between gas and grains provide the primary means of disrupting grain alignment, and in the LIC the collision rate is down by a factor of ∼ n/ √ T ∼ 600 compared to denser clouds. Therefore, even if B IS is weak in the LIC, it is fundamentally easier to magnetically align ISDGs in the LIC than in denser clouds.
A viable LIC grain alignment mechanism is an update of the original Davis & Greenstein (1951, DG51) model. Magnetic torques align the long grain axis in a direction perpendicular to the magnetic field direction,k B , so that the observed polarization is parallel to thek B and the polarization maximum is seen for a viewpoint that is perpendicular to the field direction. In the DG51 model, magnetic torques align the principal inertial axis of the grain with the average angular momentum of asymmetric grains, J avg , and align J avg with the magnetic field B IS . Grain-gas collisions spin up grains so they acquire a random angular momentum with two parts, J avg which precesses about B IS , and a stochastically varying angular momentum component related to the nutation of the asymmetric grain body inertial moment about J avg . Torques both dissipate the component of J avg perpendicular to B IS , and dampen grain nutation about J avg . Uncertainties in the timescales for the magnetic alignment of grains relates primarily to these poorly understood, but heavily researched, torques. In dense clouds, the DG51 mechanism requires some stabilization of grain alignment against collisional disruption (Purcell 1979; Draine 1996) , e.g. by suprathermal rotation. However the requirement for suprathermal rotation is minimized for the tenuous LIC, where collisional disruption is slow compared to dense clouds. Mathis (1986) found that grains with radii a ∼ 0.06 − 0.10 µm, such as are excluded from the heliosphere, match polarization and extinction data, based on the wavelength of maximum polarization and abundance constraints. The lower size limit originates with the requirement the grains are large enough to contain a superparamagnetic (SPM) inclusion (with imaginary magnetic susceptibility µ ′′ >0). The SPM inclusion acts to increase the strength of the torque dissipating the nutation of the principal inertial axis around the angular momentum, co-aligning the average angular momentum vector J avg and largest inertial axis. Lazarian (2003) argues that the fast Larmor precession induced by the Barnett effect proceeds at a period of ∼ 15/B IS s ∼0.3 years for | → B IS |=1.5 µG, so the SPM inclusion may not be required.
Ecliptic Signature in WMAP Data
In Paper I I suggested that the small ISDGs excluded from the heliosphere may act as a foreground contaminant of the Cosmic Microwave Background (CMB) radiation. Significant but poorly understood anomalies appear in the large scale temperature anisotropies of the CMB power spectrum, and indicate the low-ℓ CMB may have unrecognized foreground contamination related to the ecliptic geometry (Eriksen et al. 2004; Schwarz et al. 2004 ). These anomalies remained after instrumental corrections were improved for the analysis of years 1-3 data (Hinshaw et al. 2007; Copi et al. 2007) . In this subsection I explore circumstantial evidence linking the large-angle properties of the CMB signal to ecliptic geometry. The physical processes effective at microwave frequencies are presently only speculative, and might relate to either the physical processes governing the characteristics of exotic populations in the inner heliosphere where densities are highest (e.g. pickup ion diffusion and acceleration) or to tiny dust grains, or cosmic ray acceleration, in the outer heliosphere or heliosheath regions. The following discussion is qualitative, and there are two important things to keep in mind when reading it: (a) The symmetries and physical properties of the outer heliosphere have only recently been explored for the first time when Voyager I crossed the termination shock at 94 AU in December 2004, so our understanding of the outer heliosphere asymmetries is a budding science. (b) My expertise in the two-point correlation functions that show statistically significant low-ℓ anomalies and structures for θ > 60
• that correlate with the ecliptic coordinate system, is limited. With these reservations, I will show that the geometry of the non-cosmological kinematic CMB Doppler dipole moment, and the quadrupole and octopole multipoles, echo the heliosphere geometry, suggesting that foreground microwave emission due to heliospheric processes is present in the ILC maps.
Structure in the Cosmic Microwave Background (CMB) signal over large angular scales was detected in the COBE maps Kogut et al. 1992; Mather et al. 1994) , and persists in the high signal-to-noise Wilkinson Microwave Analyzer Polarimeter (WMAP) data (e.g. Bennett et al. 2003; Hinshaw et al. 2007 ). The anistropies of the CMB at large angular scales are dominated by characteristic anisotropies which include a dipole moment of amplitude ∆T /T ∼ 10 −3 due to the energy shift induced by the Doppler motion through the CMB rest frame, a weaker quadrupole moment with amplitude ∆T /T ∼ 10 −5.2 , and weak higher order asymmetries (Smoot et al. 1977 Kogut et al. 1993 ). In Fig. 4 , I display the WMAP ILC3 in ecliptic coordinates that have been shifted so that the plot is centered on the heliosphere nose. The hot and cold directions of the CMB dipole axis are plotted, along with the plane that is equidistant between the dipole temperature maximum and minimum. The red and purple polarization vectors from Curiously, the dipole moment symmetry is close to the scalar direction of the ISM flow into the heliosphere, and the null plane between the hot and cold CMB dipole axis has a position angle close to the position angles of the He o -H o offset and of the polarization data. These facts do not appear to have been discussed in the literature previously.
10 The CMB dipole axis is oriented between the hotter direction ℓ, b=263.9 o , 48.3 o (λ, β=171.6, -11.1) and the cooler direction ℓ, b=83.9 o , -48.3 o (λ, β=351.6, 11.1). The angles between the He o inflow direction and the hot and cold CMBDM poles are 84 o and 95 o , respectively. Thus the CMB dipoles are ∼ 5
• away from being at equidistant locations around the heliosphere nose direction as defined by interstellar He o flowing into the heliosphere. A second puzzle is that the null ∆T plane of the dipole moment has an orientation in the upwind direction that agrees (to within uncertainties) with the magnetic field direction indicated by the optical polarization data and the offset angle between the inflowing He o and H o that traces the direction of the magnetic field at the heliosphere.
11 The position angle of the null plane between the hot and cold nodes of the CMBDM at the closest point to the He o upwind direction is PA E = −17.5
• , versus the PA defined by the He o -H o offset angle of -25.3 o , and the average plane of polarization for the six stars in the heliosphere nose with the strongest polarizations of −19.3
• ± 14.5
• ( §2). Thus the position angle of the null plane between the dipoles nodes differs by ∼ 0−8
• from the magnetic field direction found from the polarization data or the He o -H o offset angle.
The principle anomalies in the low-ℓ moments appear in the quadrupole and octopole moments. Using "multipole vectors" to decompose the Internal Linear Combination map, years 1-3 (ILC3) data, Copi et al. (2007) found that there is an alignment between the quadrupole and octopole planes, and that the ecliptic traces a zero between the extreme in the quadrupole and octopole moments. The multipole vectors carry the angular distribution information of the power for each ℓ-value. Copi et al. showed that the → w area vectors (normals to planes defined by multipole pairs) coincide with the ecliptic plane for southern galactic latitudes. In Fig. 5 the positions of the ℓ =2 and 3 multipole vectorsv, and → w area vectors, are plotted in ecliptic coordinates (locations from Copi et al. 2007 , Table 1 , ILC123 data). The v 22 component is directed towards the heliosphere nose. The four area vectors w 323 , w 212 , w 312 , and w 331 are all directed towards or close to the band on the sky containing the 3 kHz emissions (Appendix A) and the hot pole of the dipole. This band is nearly perpendicular to the ecliptic plane, in the sidewind direction corresponding to ecliptic longitude λ ∼ 180
• (Fig.  2) . The 3 kHz emissions are formed where outward propagating global merged interaction regions interact with the magnetically-shaped heliopause . The low-ℓ moments moments of the CMB therefore appear to respond to the ecliptic coordinate system partly because of the shaping of the heliosphere by the interstellar magnetic field. o away from the upwind direction) to λ=252.6 o , β=8.2 o during years 1-3 (3.7 o from the upwind direction) suggests that the process contributing CMB foreground is solar cycle dependent.
11 By coincidence, the inflow direction of ISM into the heliosphere is 5 o above the ecliptic plane, and within ∼ 15
• of the galactic center. This direction is a coincidence since it is the vector sum of the solar and LIC motions through the LSR.
The spatial symmetry of the Lyα backscattered glow also varies with the solar cycle because H o destruction in the heliosphere proceeds both through charge-exchange between interstellar H o and the solar wind, and photoionization by solar Lyα photons. For instance, during solar minimum a "groove" appears parallel to the ecliptic plane in the backscattered Lyα intensity maximum towards the heliosphere nose (Bertaux et al. 1996 ). Microwave emission arises from H o recombination through the lines H41α (87.6 GHz), H35α (147 GHz) and H30α (232 GHz), and these lines have been attributed to HII regions associated with winds of massive hot stars (Martin-Pintado et al. 1988 ). The column density of H o is ∼ 1.4 × 10 14 cm −2 in the upwind direction, but the heliosphere tail is 10-100 times longer and contains recombining H + gas that may contaminate the GHz CMB. The spectral dependence of the v 22 vector may shed light on the significance of this process as a CMB contaminant.
Conclusions
The primary conclusions of this paper are that:
• The position angle of the polarization vectors of the tiny dust grains causing the polarization in the outer heliosheath (in ecliptic coordinates, PA E = −19
• ± 14 • , or in galactic coordinates PA G = 40
• ± 14 • ) is the same as the position angle defined by the He o -H o deflection angle (PA E = −25.3 o ), to within the uncertainties. The offset of ∆λ ∼ +35 o between the direction of maximum optical polarization, P max , and the upwind direction, found in Paper I, is confirmed with the addition of the Piirola data ( §2). A band of weak polarization, ∼ 2σ − 3σ, stretchs through the southern ecliptic hemisphere between the P max region and the downwind direction, with a width that is consistent with the polarization weakness ( §2).
• The tiny interstellar dust grains causing this polarization are deflected around the heliosphere along with B IS . This sideways streaming, which introduces an offset of ∼ 35
• in the dust grain polarization maximum with respect to the He o inflow direction, may be related to the bluntness of the heliospheric bow shock ( §3.3).
• The composition of LIC dust can be found from gas-phase abundances and the assumption that the dust plus gas has a solar abundance pattern. The LIC dust appears to be amorphous olivines such as dominate the SgrA* sightline ( §3.1). Significant quantities of carbonaceous grains can be ruled out.
• In the LSR upwind direction, the average PA of the six nearby stars (< 40 pc) in the heliosphere nose region and with the strongest polarizations, and the PA of distant • with respect to the galactic plane, and ∼ 65
• with respect to the ecliptic plane.
• The polarization of light from two stars at 6 pc and 189 pc in the heliosphere nose direction show the same position angles, PA G ∼ 39 o , although the polarization of the more distant star is much stronger. This indicates that the interstellar field direction does not vary significantly in the upstream direction over the nearest ∼ 200 pc upwind of the Sun. Also, since the Loop I superbubble appears to dominate the geometry of the magnetic field in the solar vicinity, the uniformity in magnetic field direction over the nearest ∼ 100 pc upwind suggests the Loop I supernova remnant has expanded to the solar vicinity (as concluded in Frisch 1981 ).
• The direction of B IS at the Sun will be parallel to the polarization vectors shown in Fig. 2 , and directed from southern to northern ecliptic latitudes if the Loop I magnetic field originates from a superbubble that has expanded into the interarm region around the Sun ( §3.2). Pressure equilibrium arguments suggest that the LIC field strength is ∼ 2.6 µG.
• Alignment of interstellar dust grains in low density partially ionized ISM is more efficient than for dense clouds, because collisional disruption of grain alignment is slower by factors of ∼ 600 compared to dense clouds, even though magnetic field strengths are typically a factor of ∼ 4 weaker ( §3.4). ISDGs arrive prealigned at the heliosphere, and collisional disruption of alignment in the LIC is too slow (∼ 10 6 years) to be important.
• The CMB dipole moment strongly echos the heliosphere asymmetries. At the heliosphere nose, the hot and cold dipole nodes are equidistant, to within 5 o , from the interstellar He o inflow into the heliosphere. The position angle of the null plane between the hot and cold dipole nodes is within ∼ 8
• of the interstellar magnetic field direction defined by the angular offset between the He o -H o inflow directions. The quadrupole v 22 vector is directed towards the heliosphere nose.
• The area vectors of the octopole and quadrupole components are aligned with the sidewind band perpendicular to the ecliptic plane that contains the alternate locations of the 3 kHz emissions detected by the Voyager spacecraft (Appendix A).
• The CMB low-ℓ symmetries with respect to the heliosphere indicate that the heliosphere creates a significant foreground contamination of the CMB that has not yet been included in the analysis of the WMAP data. Small interstellar dust grains interacting with the heliosphere may be part of this contamination. The shaping of the heliosphere by the local interstellar magnetic field is also important. The mechanisms and symmetries of possible heliospheric contamination of the low-ℓ CMB modes now require detailed studies based on the interactions of charged particles with an asymmetric heliosphere.
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A. Appendix
Voyagers 1 and 2 observed the 3 kHz emissions during years 1992-1994. The locations of the 3 kHz emissions are determined by triangulation with Voyagers 1 and 2, the lag time for the solar flare material to reach the outer heliosphere, and spacecraft pointing considerations that included forbidden regions in the upwind directions, with the result that each emission event has two possible locations. By default, the location closest to the heliosphere nose was selected as the primary location by Kurth & Gurnett (2003) , with the remaining solution selected as the ambiguous location. The true source locations may be a combination of the primary and ambiguous (alternate) locations. Both sets of locations are plotted in Figs. 2, 4, and 5. The primary solutions yield emissions that are aligned parallel to the galactic plane in the upwind hemisphere, with an average galactic latitude of 14.7
• ± 7.3
• , compared to the latitude of the heliosphere nose of b=15.9 o . If the primary solutions for these events are assumed to form along a straight line in the galactic coordinate system, then the best fit to that line is b = 14.6 + 1.6 × 10 −3 * ℓ. Most of the theoretical attention has been focused on the upwind solutions (e.g. Cairns et al. 2006) . The alternate locations form a pattern that samples a side-wind direction, with an average ecliptic longitude of λ=181.4 ± 19.0. This sidewind direction is ∼ 73
• away from the upstream meridian (λ=254.7 o , Fig. 5 ). Because of the coincidence of these sidewind solutions with the CMB quadrupole area vector directions ( §3.5, Fig. 5 ), the sidewind locations now require theoretical attention. o . Data are averaged over ±20 o in ecliptic longitude, λ. The direction of maximum P is shifted by ∼20-30 o from the upwind direction of the large interstellar dust grains detected by Ulysses/Galileo (F99). The dashed line shows the polarization for stars with |β| < 20
• and 40-100 pc from the Sun, using data on 184 nearby objects in the Heiles (2000) polarization catalog. The upwind position of the ENA flux from the outer heliosphere is indicated (from Collier et al. 2004; Wurz et al. 2004) . Middle: The averaged polarization position angle in celestial coordinates, θ C . In the region of maximum polarization, λ ∼ 280
• → 310
• , the grains show consistent position angles. Bottom: The correlation coefficient between P (top) and β is shown as a function of the ecliptic longitude. The strongest polarization is found at negative ecliptic latitudes. The orange contours show the 1-σ, 2-σ, and 3-σ uncertainties on the upwind direction of large interstellar dust grains (typically radii 0.8 µm) flowing into the heliosphere (F99). The primary locations of the 3 kHz emission events detected by the Voyager satellites are plotted as light green crosses, and the purple crosses show the ambiguous alternate locations (KG03, Appendix A). The pink dotted line shows the galactic plane. Note that the band of polarization extends from negative ecliptic latitudes towards the downwind direction at at λ∼75 o , β∼-5 o . The three stars showing strong polarization at high ecliptic latitudes are HD 90839 (F8 V, in a double system), HD 142373 (F8 Ve, high proper motion star) , and HD 150997 (G7.5IIIb, in double system). • ± 21
• . The average PA of the nearby six PT stars is PA G = 40
• ± 16
• . The faint black line shows the ecliptic plane. The cyan-colored arc shows the position of the radio-continuum Loop I (Berkhuijsen et al. 1971 ). The pink dot shows the upwind direction of the CLIC flow past the Sun in the LSR. The offset between the red and purple bars show the sideways streaming of tiny interstellar dust grains along the interstellar magnetic field lines as they drape over the heliosphere. Fig. 4 .-The WMAP Internal Linear Combination for years 1-3 displayed in the ecliptic coordinate system, and shifted by 105 o so that the LIC upwind direction is at the plot center. Ecliptic longitude is labeled, and increases to the right. The thin black line shows the galactic plane. The large red dot shows the maximum temperature of the CMB dipole moment (at ℓ=263.9 o , b=48.2 o , or λ=171.6 o , β=-11.1 o ), while the large pink dot shows the minimum temperature. The thick black line shows the plane that is equidistant between the dipole temperature maximum and minimum. The small red dot shows the observed upwind direction of interstellar gas and large dust grains flowing into the heliosphere, based on Ulysses observations of interstellar He o (Witte 2004) . The three thick gray lines show the offset angle, and uncertainties on that angle, between the inflow directions of interstellar He o and H o . The red and purple bars are the same as in Fig. 3 , except that here they are plotted in ecliptic coordinates. The purple and red crosses show the primary and alternate solutions for the positions of the 3 kHz emission events (KG03). The region of maximum polarization defines an asymmetry in the southern ecliptic outer heliosheath that is not yet understood. The CMB data temperature scale is: dT: < −0.119 (cyan), -0.082 to -0.055 (blue), -0.055 to 0.0 (green), 0 to 0.055 (orange), > 0.055 (white). Fig. 4 . The v 22 multipole vector coincides with the heliosphere nose direction. The multipoles for the ILC1 map (from Table 1 , Copi et al., 2007) are plotted as small cyan dots. The four area vectors (normals to planes formed by multipole pairs) and the hot pole of the CMB dipole are all located towards the sidewind band defined by the 3 kHz emissions. The 3 kHz emissions are formed where outward propagating global merged interaction regions interact with the magnetically-shaped heliopause . The coincidence of the area vectors with the 3 kHz emission band suggests that the ecliptic coordinate system is felt by the low-ℓ moments moments of the CMB partly because of the shaping of the heliosphere by the interstellar magnetic field.
